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We report a procedure for one-step isolation of the PS II reaction center complex from PS II particles by 
affinity chromatography with the peripheral 33-kDa polypeptide as ligand. The CaClz-washed PS II parti- 
cles prepared from spinach chloroplasts were solubilized with n-octyl-fl-D-glucopyranoside and subjected 
to affinity chromatography. The purified complex consisted of polypeptides with apparent molecular masses 
of 47, 43, 32, 30 and 8 kDa. 
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1. INTRODUCTION 
The photoinduced redox reaction in PS II is in- 
itiated by photochemical oxidation of the reaction 
center chlorophyll P680 and the coupled donation 
of an electron to the primary acceptor pheophytin. 
The electron is then transferred to acceptors QA 
and QB, of which the chemical species is plasto- 
quinone. The oxidizing power generated by the 
photooxidation of P680 is transferred to a 
manganese complex, in which oxygen evolution 
occurs, via an intermediate electron carrier Z [1]. 
It is known that the PS II reaction center poly- 
peptide(s) associated with P680 is in the reaction 
Correspondence address: Y. Isogai, Department of 
Biology, Faculty of Science, Kyushu University, 
Fukuoka 812, Japan 
Abbreviations: Chl, chlorophyll; DCIP, 2,6-dichloro- 
indophenol; DPC, 1,5-diphenylcarbazide; M s, 4-mor- 
pholineethanesulfonic acid; Mops, 3-N-morpholinepro- 
panesulfonic acid; octylglucoside, n-octyl-fl-D-gluco- 
pyranoside; PAGE, polyacrylamide g l electrophoresis; 
PS, photosystem 
center 'core' complex consisting of six polypep- 
tides: two chlorophyll-carrying polypeptides with 
apparent molecular masses of 47 and 43 kDa 
(CP47, CP43), two polypeptides of about 30 kDa 
(D1, D2) and two polypeptides of less than 10 kDa 
(cytochrome b-559) [2,3]. The PS II reaction center 
complexes that retain the capability of oxygen 
evolution have been isolated from spinach chloro- 
plasts [4-6]. These preparations contained the six 
subunits of the PS II reaction center complex along 
with the peripheral 33-kDa polypeptide. The 
33-kDa polypeptide has been shown to function in 
stabilizing the manganese bound to the membrane 
in PS II particles [7-9]. However, the 33-kDa poly- 
peptide is not the exclusive element for retaining 
the manganese atoms [10] and does not form the 
oxygen-evolving site by itself. These facts show 
that the oxygen-evolving site exists on the reaction 
center complex. Recently, Nanba and Satoh [11] 
isolated a chlorophyll-protein complex which con- 
sisted of D1, D2 and cytochrome b-559, and 
showed that this complex contained the site of the 
primary charge separation in PS II. This prepara- 
tion, however, lacked the plastoquinone molecule 
and the oxygen-evolution system. Thus, the precise 
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location of the oxygen-evolving site in PS II has 
not yet been elucidated. 
Here, we report a rapid and simple procedure 
for isolation of the PS II reaction center complex 
from PS II particles by affinity chromatography 
with the peripheral 33-kDa polypeptide as ligand. 
This procedure may provide a powerful means of 
identifying the binding site of the 33-kDa polypep- 
tide on the PS II reaction center complex and, 
possibly, the oxygen-evolving site. 
2. MATERIALS AND METHODS 
The peripheral 33-kDa polypeptide used as 
ligand in the affinity column was prepared ac- 
cording to Yamamoto et al. [12]. Affi-Gel 15 (Bio- 
Rad) was used for affinity chromatography, in
which N-hydroxysuccinimide ester was linked to 
agarose gel with a spacer arm of 15 atoms. The 
33-kDa polypeptide was incubated with Affi-Gel 
15 (about 1/~mol polypeptide per 2.5 ml gel) with 
gentle shaking in a coupling buffer containing 
0.1 M Mops-NaOH (pH 7.5) at 4°C for 24 h. The 
residual active groups in the gel were blocked by 
incubation with 0.1 M ethanolamine in coupling 
buffer at 4°C for 1 h. The gel was washed with 20 
column volumes of the coupling buffer. The 
33-kDa polypeptide was linked to the gel at a 
coupling efficiency of 60-70%. 
PS II particles were prepared from spinach 
chloroplasts according to Berthold et al. [13], with 
a modification in which the second Triton X-100 
treatment was omitted. Three peripheral polypep- 
tides of 33, 24 and 18 kDa were removed from the 
particles by CaCI2 washing essentially according to 
Ono and Inoue [10]. The PS II particles were 
suspended in a medium containing 20 mM Mes- 
NaOH (pH 6.0), 10 mM NaC1 and 1500 mM 
CaCI2 (about 0.2 mg Chl/ml), and centrifuged at 
35000 x g for 30 min. The resultant pellet was 
washed with 20 mM Mes-NaOH (pH 6.0), 10 mM 
NaCI, 5 mM CaC12 (MNC buffer). The 
CaClz-washed PS II particles were solubilized with 
MNC buffer containing 2% octylglucoside at a 
chlorophyll concentration of 1 mg/ml.  The 
suspension of the solubilized particles was cen- 
trifuged at 35 000 x g for 10 min to remove insolu- 
ble materials. The supernatant (4 ml) was loaded 
onto the 33-kDa polypeptide affinity column 
(1.5 cm diameter x 1.5 cm) preequilibrated with 
MNC buffer containing 2% octylglucoside. The 
column was washed with MNC buffer containing 
2% octylglucoside until the eluant became color- 
less (about 20 column volumes were needed). Then 
a green-colored component bound onto the col- 
umn was eluted with a gradient of CaCI2 concen- 
tration (5-1500 mM) in 20 mM Mes-NaOH (pH 
6.0), 10 mM NaC1 and 0.5% octylglucoside. The 
whole chromatographic procedure was performed 
at 5-10°C. 
SDS-PAGE was performed as in [14] with the 
modification that the resolving gel contained 
12.5% acrylamide and 6 M urea. Absorption spec- 
tra were measured with a Shimadzu UV-240 spec- 
trophotometer. The rate of photoreduction of 
DCIP was measured spectrophotometrically at 
580 nm (12.9 mM -1 .cm -1) in MNC buffer con- 
taining 30% glycerol and 60/~M DCIP with a 
Hitachi 356 spectrophotometer. DPC was used as 
an artificial electron donor at 0.5 mM. Photo- 
reduction of pheophytin was measured with a 
Hitachi 356 spectrophotometer in the dual-wave- 
length mode (450 minus 500 nm) in 50 mM Tris- 
HCI (pH 7.5) in the presence of 5/zM methyl 
viologen, 2-5 mg/ml sodium dithionite and 30% 
glycerol [15]. The sample (5-10/~g Chl/ml) was ex- 
cited by strong actinic light passed through a red 
cut-off filter (VR-66, Toshiba) with a cross- 
illumination system. The photomultiplier was pro- 
tected from the actinic light by a blue filter (Corn- 
ing 4-96). 
3. RESULTS 
A chlorophyll-containing protein complex was 
obtained by the procedure described in section 2. 
The complex eluted in a single peak in the concen- 
tration range 0.5-0.7 M CaC12 (fig. 1). The absorp- 
tion spectrum of the preparation was characteristic 
of the PS II reaction center complexes previously 
reported [4,16] (fig.2). The Chl a/b ratio of the 
preparation obtained by this procedure was always 
higher than 8.0. The yield of chlorophyll was 
about 10% with respect o the PS II particles. 
The preparation obtained here retained no ac- 
tivity of DCIP photoreduction without an artificial 
electron donor. However, photoreduction of 
DCIP with DPC (40-50/~mol DCIP .mg-  
Chl -h -1) and of pheophytin (not shown) was 
observed, which showed that the purified chloro- 
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Fig. 1. Elution profile of the PS II reaction center com- 
plex from the affinity column of the 33-kDa polypep- 
tide. CaClz-washed PS II particles were solubilized with 
2% octylglucoside in MNC buffer and loaded onto the 
affinity column. The profile after washing of the column 
with MNC buffer containing 2°7o octylglucoside was 
monitored at 280 nm and is shown in the figure. The 
chlorophyll-protein complex bound to the column was 
eluted with a CaCI2 gradient (broken line) in 20 mM 
Mes-NaOH (pH 6.5), l0 mM NaCI and 0.5% octyl- 
glucoside. The fraction in the region indicated by the 
short horizontal bar was collected. The detailed pro- 
cedure is described in section 2. 
phyll-protein complex preserved the photo- 
chemical activity of the PS II reaction center. 
The polypeptide composition of the purified 
complex is shown in fig.3. The complex apparently 
consisted of 5 polypeptides with molecular masses 
of about 47, 43, 32, 30 and 8 kDa. (A polypeptide 
band in the molecular mass region lower than 
8 kDa was not resolved in the SDS-PAGE profile.) 
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Fig.2. Absorption spectrum of the purified chlorophyll- 
pcotein complex at room temperature. 
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Fig.3. SDS-PAGE patterns of the 33-kDa polypeptide 
used for affinity chromatography (lane A), PS II par- 
ticles (lane B), CaClz-washed PS II particles (lane C) and 
the purified complex (lane D). Bars on the left indicate 
the positions of standard protein markers: phosphory- 
lase b (94 kDa), bovine serum albumin (67 kDa), 
ovalbumin (43 kDa), carbonic anhydrase (30 kDa), soy- 
bean trypsin inhibitor (20.1 kDa) and o~-lactalbumin 
(14.4 kDa). 
higher than 50 kDa in the SDS-PAGE profile of 
the purified sample were insignificant in the star- 
ting material. These bands were present in various 
amounts in different preparations. Thus, these 
bands seem to correspond to aggregates of the 
lower molecular mass components as recently 
reported by Satoh et al. [17]. 
The reaction center complex was not purified by 
the affinity column that has no linked 33-kDa 
polypeptide but with all active groups blocked by 
ethanolamine. This fact shows that the reaction 
center complex was obtained by the specific inter- 
action with the 33-kDa polypeptide in the affinity 
column and not by non-specific interaction with 
the gel matrix or the spacer for ligand. 
4. DISCUSSION 
The present work provides a new procedure for 
the rapid and simple isolation of the PS II reaction 
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center complex. Components of the purified com- 
plex, i.e. the 47-, 43-, 32-, 30- and 8-kDa proteins, 
can be assigned to CP47, CP43, D1, D2 and cyto- 
chrome b-559 [2,3]. The polypeptide composition 
was identical with the preparation reported in [16]. 
Recently, the PS II reaction center complexes, 
which retained the 33-kDa polypeptide and 
oxygen-evolution activity, were prepared from 
thylakoids using digitonin [4] and from PS II par- 
ticles using octylglucoside [5,6]. We have shown 
that the 33-kDa polypeptide can be used for the 
isolation of the reaction center complex, which was 
photochemically active but preserved no 33-kDa 
polypeptide or oxygen-evolution activity, in affini- 
ty chromatography. A drawback of this technique 
is the removal of the peripheral polypeptides, 
which are involved in oxygen evolution, from the 
starting material before the chromatography. This 
makes it difficult to purify the complex with the 
structural integrity of the oxygen-evolving site. A 
similar disadvantage also existed in the isolation of 
bacterial reaction centers by cytochrome c affinity 
chromatography [18]. 
The present result indicates that the binding site 
of the 33-kDa polypeptide and, possibly, the site of 
oxygen evolution exist on the purified reaction 
center complex. However, the polypeptide specific 
for the binding site was not identified here. Pro- 
tease treatment of the PS II particles uggested that 
the 33-kDa polypeptide associated with the 43-kDa 
component of the reaction center complex [19]. 
However, this result does not exclude the possibili- 
ty of an association of the 33-kDa polypeptide with 
a component other than the 43-kDa protein of the 
reaction center complex because the binding site of 
the 33-kDa polypeptide on a component other than 
the 43-kDa protein, if any, would not always be 
sensitive to trypsin or chymotrypsin used in the ex- 
periments. Thus, the precise location of the 
binding site of the 33-kDa polypeptide or the site 
of oxygen evolution in PS II has yet to be 
determined. 
A more detailed analysis of the localization of 
the oxygen-evolving site is now in progress with the 
use of peripheral-polypeptide affinity chroma- 
tography. 
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